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INTRODUCTION 
 
Since 2009, the federal government has offered considerable financial incentives for office-based 
healthcare providers to adopt health information technologies such as electronic health records 
(EHR) (Marcotte, et al., 2012). In 2011, the Michigan Medicaid program began implementing 
such incentives for office providers after attesting and documenting their use of a federally 
certified EHR product (US Federal Register, 2015).  
The authors and others have completed studies indicating that changes in 
preventive/screening service (PSS) order rates may be significantly influenced by use of 
ambulatory EHR systems (Sachs, et al., 2011; Kern, et al., 2012; Griever, et al., 2011; Chamnan, 
et al., 2012; De Leon and Shih, 2012; Gold, et al., 2012; Tundia, et al., 2013; Corser and Yuan, 
2015; Ruffin, et al., 2015).  Most projects to date, however, have still been set in hospital settings 
(Griever, et al., 2011; Chamnan, et al., 2012; Gold, et al., 2012). Additionally, some studies have 
suggested that EHR systems may have only short-lived effects on PSS order rates (Poon, et al., 
2010, Khullar, Peitmeier, Koffman, and Potter, 2014; Amster, Jentsch, Pasupuleit, and 
Subramanian, 2015).  
However, experts have questioned whether changes in PSS ordering after EHR 
implementation may be greater in office-based healthcare settings (Sachs, et al., 2011; Kern,  
et al., 2012; De Leon and Shih, 2012; Corser and Yuan, 2015; Ruffin, et al., 2015; Linder, 
Schnipper, and Middleton, 2012; Krist, et al., 2012; Zazove, Plegue, Uhlmann, and Ruffin, 
2015).  
The factors influencing whether adults receive PSS orders have certainly been studied in 
paper medical records settings. Socio-demographic patient characteristics such as increased age, 
male gender, and racial minority status have been consistently associated with lower PSS order 
rates. Orders for women’s health, (Bright, et al., 2012; Schonberg, York, Basu, Olvecky, and 
Marcantonio, 2008; Backer, Gregory, Jaen, and Crabtree, 2006; Nash, Chan, Horowitz, and 
Vlahov, 2007) colorectal cancer, (Cherrignton, Corbie-Smith, and Pathman, 2007; Zimmerman, 
Norwalk, Tabbarah, and Grufferman, 2006; Magil, et al., 2009; Hoffman, et al., 2011; Sequest, 
Zaslavsky, Colditz, and Ayanian, 2011; Seres, Kirkpatrick, and Tierney, 2009; Nease, Ruffin, 
Klinkman, Jimbo, Braun, and Underwood, 2008) and hyperlipidemia screening (van Wyk, van 
Wijk, Sturkenboom, Mosseveld, Moorman, and van der Lei, 2008) have been shown to be lower.  
However, post-EHR rates of  influenza vaccines (Kern, et al., 2012; Griever, et al., 2011; 
Crabtree, et al., 2005; Robinson, et al., 2011) and pneumococcal immunizations (Robinson, et 
al., 2011; Fenton, Von Korff, Liu, Ciechanowski, and Young, 2006) in most settings have shown 
relative increases.  
Overall, Medicaid beneficiaries, (Corser and Yuan, 2015; Zimmerman, Norwalk, 
Tabbarah, and Grufferman, 2006; Coughlin, Leadbetter, Richards, Sabatino, 2008) and more 
medically complex patients (Kern, et al., 2012; Griever, et al., 2011; Corser and Yuan, 2015; 
Bright, et al., 2012; Fenton, Von Korff, Liu, Ciechanowski, & Young, 2006; Coughlin, 
Leadbetter, Richards, Sabatino, 2008; Kahn, Raebel, Glanz, Reidlinger, and Steiner) receive 
lower rates of PSS. However, higher PSS order rates have been shown from adults receiving the 
majority/entirety of their office-based care from a primary care provider (PCP) (Tundia, et al., 
2013; Schonberg, York, Basu, Olvecky, and Marcantonio, 2008; Nash, Chan, Horowitz, and 
Vlahov, 2007; Coughlin, Leadbetter, Richards, Sabatino, 2008; Hussain, and Kelton, 2006).  
Still, the authors of this paper have failed to identify any statewide studies examining longer-
    
 
term PSS order outcomes for Medicaid beneficiaries before, and after, their Medicaid program-
assigned PCP’s may have been confirmed to be EHR-users.  
Purpose of Study: The purpose of this study was to examine whether confirmed 
adoption of a federally certified EHR by Michigan Medicaid providers was associated with 
changes in order rates of five major PSS. For the study, selected PSS services included  
1. screening for hyperlipidemia; 2. Diabetes screening; 3. colorectal cancer screening;  
4. influenza vaccine and 5. pneumococcal vaccine.   
 
METHODS 
 
Sample: Using approved State of Michigan billing data, the analytic sample was comprised  
of continuously and exclusively covered Medicaid adults who had received the at least 90% of 
their office-based care (i.e., both primary care and specialist provider orders) from a Medicaid-
assigned PCP. Analyses were limited to office-based (i.e., non-hospital or emergency setting) 
orders and no dually eligible Medicaid-Medicare adults were included in the sample. 
To accommodate the typical order-to-delivery delays associated with PSS, the authors 
observed a minimum 29-month PSS claims window for sample patients. This period covered at 
least 14 months before patients’ Michigan provider had potentially applied for EHR incentives, 
the providers’ actual application month (if approved), and 14 months after confirmed provider 
EHR adoption (if occurred) between January 1, 2009 and December 31, 2013. The authors’ null 
hypothesis was that they would fail to find any significant relative pre-post EHR changes in 
selected PSS order rates between EHR-adopting provider-patient dyads compared to non-
adopting provider-patient dyads. 
Study design. These authors primarily used a within group (i.e., same ongoing patient-
provider dyads) design to compare the PSS order rates in the analytic sample of Medicaid 
patients receiving all of their office visit care before, and after, their respective assigned PCP  
had potentially confirmed their adoption of a certified EHR. Due to their use of retrospective  
de-identified data, the authors’’ study design was found to be exempt in October 2013 as non-
human subjects research by the authors’ campus-based institutional review board.  
Sample and Data Sources. The analytic sample was first limited to adults who had  
never been diagnosed with any form of the following International Classification of Disease, 
Ninth Edition (ICD-9) (World Health Organization, 1979) conditions: colorectal cancer (i.e., 
codes 152.00 through 154.99), diabetes mellitus (i.e., 250.00 through 250.93) hyperlipidemia, 
(i.e., 272.00 through 272.89) diagnosis claims data.   
The authors identified eligible beneficiaries based on their unique Michigan Medicaid 
Data Warehouse (Michigan Department of Community Health, 2012). master record numbers 
with their claims data de-identified at the authors’ campus institute. Monthly eligibility data  
were used to confirm that each sample beneficiary had maintained both continuous and 
exclusive Medicaid coverage during their respective 29+-month claims period.  
Measures. Five PSS specifically advocated by the United States Preventive Services 
Task Force (USPSTF) (Agency for Healthcare Research and Quality, 2012) were selected 
because they were either Strongly Recommended or Recommended for all adults meeting 
eligibility criteria. To accommodate slight changes in eligibility (i.e., alternative routes, forms  
of vaccines, etc.) criteria made by the USPSTF during the analytic window, PSS orders were  
    
 
also comprehensively captured using a total of 62 Current Procedural Technology (CPT) 
(American Medical Association, 2010) codes  (i.e., average of more than 12 codes per selected 
PSS):  
a. Annual Hyperlipidemia Screening (at least one annual Total Cholesterol, LDL, 
HDL, etc. lab draw)  
b. Annual Type 2 Diabetes Mellitus Screening; 
c. Baseline Colorectal Cancer Screening (at least one baseline screening procedures 
after age 50 years of age); 
d.    Annual Influenza Vaccine administration (administered to adults with one or more 
documented chronic health condition); and 
e.   Pneumococcal Immunization (administered at least once during adulthood). 
Dates concerning providers’ EHR adoption (i.e., date of successful approval for federal 
incentives) were obtained and cross-validated from the State of Michigan office processing EHR 
attestation applications, state licensure date and federal National Provider Identifier numbers 
(U.S. Department of Health and Human Services, 2004). PSS orders from: a) physicians (i.e., 
MDs and DOs) (n = 4,723, 71.7% of provider sample), b) advanced practice nurses (i.e., nurse 
practitioners, nurse midwives, etc.) (n = 1,337, 20.3%) and c) physician assistants (n = 520, 
7.9%) assigned as PCPs by Medicare were also initially each treated equally.  
Patient-level Factors. Over 91% complete data were obtained concerning beneficiaries’ 
: a) Age, b) Gender, c) Racial affiliation, and d) Composite Comorbidity (based on total number 
of documented ICD-9 diagnoses. NOTE:  Marital Status was not included into analyses due to a 
large proportion (i.e., approximately 25%) of missing data). 
Provider Consistency Factor. A relatively small proportion (i.e., between 8.6% for 
hyperlipidemia screening, 1.4% for pneumococcal vaccine) of any sample PSS orders were 
placed by more than one (i.e., non-assigned PCP) providers during the entire analytic period.  
The potential significance of variations in providers was included in predictive study models. 
Analyses. All analyses were conducted using Statistical Analysis Software 9.4 software. 
(S.A.S. Institute, 2014) Descriptive statistics (see Table 1) and a series of cross-tabulation charts 
were generated to examine the distributional characteristics of patient and provider samples.  
A series of covariate-controlled within group (e.g., pre-post EHR adoption order rates  
for provider-patient dyads) and between-group (e.g., EHR-adopting provider-patients dyads 
versus non-EHR provider-patient dyads) generalized estimation equation (GEE) repeated 
measures models (Hardin and Hilbe, 2003) were conducted to examine the potential significance 
of any pre-post-EHR PSS order rate changes. In Table 2, the odds ratios (OR) and significance 
estimates are depicted concerning the impact of EHR adoption on each PPS order rate. When 
indicated in preliminary models, the authors also included an interactive term (i.e., EHR 
adoption (or not) by time to adoption) in final predictive models. 
 
RESULTS  
 
Annual Hyperlipidemia Screening. Of those 2,455 eligible patients without a history of 
dyslipidemia, 776 (31.6%) and 360 (14.7%) of patients completed one or more lipids screening 
test orders before, and after, their providers’ EHR adoption, respectively. This GEE model 
showed that patients with EHR-attesting providers were significantly more likely to receive at 
least an annual lipids screening order than patients without assigned EHR-attesting providers 
(OR = 2.8734, 95% CI 2.3552-3.5056, p < 0.001). The influence levels of other significant 
    
 
factors (i.e., particularly receiving office-based orders from more than one provider) for each 
selected outcome are depicted in Table 2. Although not depicted in Table 2, overall equivalent 
(i.e., non-significant) pre-post EHR results were generated for each PSS when stratifying orders 
from physicians (i.e., MDs and DOs), nurse practitioners and physician assistants.  
Annual Diabetes Screening. Of 3,294 eligible patients, 883 (26.8%) and 832 (25.3%) 
received diabetes screening tests screened before, and after, their providers’ EHR adoption, 
respectively. This GEE model also showed that patients with EHR-attesting providers were 
significantly more likely to complete at least one annual diabetes screening test than patients  
without EHR-attesting providers (OR = 1.4534, 95% CI 1.2357-1.7095, p < 0.001). The p values 
levels of other factors (i.e., especially receiving office orders from more than one provider) are 
shown in Table 2. 
Baseline Colorectal Cancer Screening. Of 10,149 eligible patients, 3,212 (31.7%) and 
2,783 (27.4%) patients received at least one form of colorectal screening PSS before, and after, 
their providers’ EHR adoption, respectively. The GEE model also showed that patients with 
EHR-attesting providers were significantly more likely to have completed some form of 
colorectal screening (OR = 1.4736, 95% CI 1.3490-1.6098, p < 0.001) than patients without 
HER-attesting providers.  
Annual Influenza Vaccine. Of 10,085 eligible patients, 3171 (31.4%) and 1647 (16.3%) 
received an annual influenza vaccine before, and after, their providers’ EHR adoption, 
respectively. This GEE model showed that those patients with EHR-attesting providers were 
significantly more likely to have received an influenza vaccine than patients without EHR-
attesting providers (OR = 2.2633, 95% CI 2.1357-2.3986, p < 0.001). 
Pneumococcal Vaccine. Of 4,406 eligible patients, 1,392 (31.6%) and 1,024 (23.2%) 
received a pneumococcal vaccination before, and after, their providers’ EHR adoption, 
respectively. This GEE model also demonstrated that patients with EHR-attesting providers were 
less likely to have received a pneumococcal vaccination order during the post-EHR period than 
patients without EHR-attesting providers (OR = 0.5782, 95% CI 0.4981-0.6712, p < 0.001).  
 
CONCLUSIONS 
 
Somewhat similar to smaller studies by the authors and others, (Sachs, et al., 2011; Kern, et al., 
2012; Griever, et al., 2011; De Leon and Shih, 2012; Corser and Yuan, 2015; Ruffin, et al., 2015; 
Linder, Schnipper, and Middleton, 2012; Krist, et al., 2012) these results indicate that receiving 
office-based care from a Medicaid provider after their confirmed EHR adoption was associated 
with overall mixed PPS order rate changes. 
Although the authors are unable to definitively explain the full nature of these bi-
directional changes from administrative claims data, they conclude from separate anecdotal 
provider interviews that the EHR prompts typically seen in EHR products likely served to 
prompt certain provider PSS orders (Corser and Yuan, 2015). At the same time, most HER 
systems provide clinicians with improved access to historical patient data, serving to decrease the 
placement of some redundant or premature PSS orders (Sachs, et al., 2011; Corser and Yuan, 
2015; Linder, Schnipper, and Middleton, 2012).    
Another notable finding is that receiving 90% or more of office-based care from the same 
PCP during the analytic period served as a significant predictor of changes in order rates of each 
selected PSS. (Table 2) Although the authors were not capable of identifying what proportion of 
other providers were using the same EHR as designated PCPs, it appears from individual claims-
    
 
associated EHR product certification numbers that this was generally the case for most multi-
provider beneficiaries. Still, receiving care in the same EHR setting across providers did not 
guarantee that providers would place certain PSS orders.  
These results are subject to inherent limitations associated with claims data. The authors 
could not feasibly discern what proportion of PSS orders may have actually been ordered but 
never completed by patients refusing/unable to complete them, lacking transportation or 
possessing functional limitations, etc.  Our results may also have been skewed by: a) 
considerable variation in how providers utilized the same EHR products and/or b) other 
unmeasured care delivery variations across the state. 
More controlled analyses comparing the impact derived from varied ambulatory EHR 
products with PPS decision support modules on diverse patient groups are required.  
Longitudinal projects to examine how long it might typically take different types of providers    
to optimize their use of EHRs for PSS ordering would prove enlightening for public health 
clinicians and agency officials. Ideally, these initial findings will serve to provide Medicaid  
and other healthcare officials with evidence concerning the potential preventive/screening impact 
derived from EHR technologies for our nation’s lower-income office patients. 
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Table 1. Characteristics of Total Beneficiary & Provider Samples 
 Medicaid Beneficiaries (N = 10,149) Medicaid Providers (N = 6,587) 
Age Mean 48.9 years 
(SD 10.1, Range 21-94) 
Mean 50.20 years 
(SD 12.52, range 24-93) 
 Was EHR Adopted during analytic period? 
 YES 1364 (20.7%) 
 NO 5223 (79.3%) 
                               n 
%  
of Category  
 
n 
% 
of Category 
Gender 
Male 3,686 36.3 Male 3,438 52.2 
Female 6,463 63.7 Female 3,149 47.8 
Race 
 
White 
 
4,698 
 
46.3 
 
Provider 
Type 
MD/DO 
Physician 
4,723 71.7 
 
 
Black 
 
4,493 
 
44.3 
 
Physician 
Assistant 
520 7.9 
Other 
or 
Missing 
 
958 
 
9.4 
 
Advanced 
Practice Nurse 
1,337 20.3 
   Urban 
County 
Primary 
Practice 
Home? 
 
YES 
5,092 
 
77.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
Table 2: GEE Model Results for PPS Order Rate Changes 
 
1. Annual Hyperlipidemia Screening (N = 2,455) OR 
Estimate 
95% Confidence 
Interval 
P Value 
          Did Provider Adopt Use of an EHR? 2.8734 2.3552 to 3.5056 <.00001 
          Time to EHR Adoption (from 01/01/2011) 0.6116 0.4844 to 0.7721 < 0.001 
          Did Provider Adopt EHR * Time to Adoption 0.2113 0.1727 to 0.2586 < 0.001 
          White Race 1.2068 1.0593 to 1.3747 0.0047 
          Male Gender 0.0409 - 0.095 to 0.1768 0.5556 
          Age > 60 years 1.0417 0.9093 to 1.1934 0.5556 
          PSS Orders from More than ONE Office Provider 2.4028 1.9715 to 2.9285 < 0.001 
          Number of Chronic Health Conditions 0.8632 0.7492 to 0.9945 0.0417 
2. Annual Diabetes Screening (N = 3,294) 
 
   
          Did Provider Adopt Use of an EHR? 1.4534 1.2357 to 1.7095 < 0.001 
          Time to EHR Adoption (from 01/01/2011) 1.1737 0.9985 to 1.3796 0.0521 
          Did Provider Adopt EHR * Time to Adoption 1.0446 0.8719 to 1.2514 0.6362 
          White Race 1.1208 1.1060 to 1.3920 0.0002 
          Male Gender -0.0109 - 0.133 to 0.1113 0.8618 
          Age> 60 years 0.7384 0.5766 to 0.9454 0.0162 
          PSS Orders from More than ONE Office Provider 2.5583 2.0998 to 3.1168 < 0.001 
          Number of Chronic Health Conditions 0.7427 0.6232 to  XXXX 0.0009 
3. Baseline Colorectal Cancer Screening  (N = 10,149) 
 
   
          Did Provider Adopt Use of an EHR? 
 
 
1.4736 
 
1.3490 to 1.6098 
 
< 0.001 
          Time to EHR Adoption (from 01/01/2011) 0.9523 0.8671 to 1.0457 0.3059 
          Did Provider Adopt EHR * Time to Adoption 0.9560 0.8771 to 1.0420 0.3062 
          White Race 
 
1.0531 0.9965 to 1.1130 0.0664 
          Male Gender 
 
-0.0124 - 0.0687 to 0.0438 0.6652 
          Age > 60 years 
 
0.0498 - 0.0551 to 0.1546 0.3524 
          PSS Orders from More than ONE Office Provider 
 
2.1483 0.8946 to 1.0317 <  0.001 
          Number of Chronic Health Conditions -0.0401 - 0.1113 to 0.0312 0.2701 
 
 
 
   
    
 
4. Annual Influenza Vaccine (N = 10,085) 
          Did Provider Adopt use of an EHR? 2.2633 2.1357 to 2.3986 
 
< 0.001 
          Time to EHR Adoption (from 01/01/2011) 0.4102 0.3803 to – 0.8157 
 
< 0.001 
          White Race 0.9413 0.8861 to 0.9999 
 
0.0495 
           Male Sex 0.0414 0.8861 to 0.9999 
 
0.2030 
           Age > 60 years  1.3112 1.1877 to 1.4477 
 
< 0.001  
           PSS Orders from More than ONE Office Provider 2.0387 1.8393 to 2.2597 
 
< 0.001 
          Number of Chronic Health Conditions 
 
0.0298 - 0.0514 to 0.1109 0.4719 
5. Pneumococcal Vaccine (N = 4,406) 
 
   
          Did Provider Adopt Use of an EHR? 0.5782 0.4981 to 0.6712 < 0.001 
          Time to EHR Adoption (from 01/01/2011) 1.1225 0.9751 to 1.2921 0.1076 
          Did Provider EHR Adopt * Time to Adoption 0.5782 0.4981 to 0.6712 < 0.001 
          White Race 0.021 - 0.0568 to 0.0988 0.5965 
           Male Gender 1.0212 0.9448 to 1.1038 0.5965 
           Age > 60 years 0.0861 - 0.0534 to 0.2247 0.223 
           PSS Orders from More than ONE Office Provider 1.9479 1.3436 to 2.8240 0.0004 
           Number of Chronic Health Conditions 0.9569 0.8672 to 1.05559 0.3805 
 
Boldface model terms and p values indicate statistical significance (p < 0.05) 
 
Abbreviations:  
                         GEE = Generalized Estimating Equation 
                         EHR equals “electronic health record” 
                         PSS equals “Preventive Screening Service” 
